secretion of rubidium ion across the rabbit distal colon. Am. J. Physiol. 252 (Gastrointest.
Liver Physiol. 15): G554-G561, 1987.-Possible mechanisms of dihydroxy bile salt-induced K+ secretion by the mammalian colon were evaluated by studying the effects of taurochenodeoxycholate (TCDC) on %Rb+ transport across the isolated, short-circuited rabbit distal colon. Simultaneous measurements of 86Rb+ and 42K+ unidirectional fluxes were highly correlated [r = 0.964 for serosal (s) to mucosal (m) and 0.765 for m to s], indicating that Rb' is a suitable tracer for K+ transport across the colon. Furthermore, mucosal Ba*+ (4 mM) or serosal ouabain (0.1 mM) decreased serosal to mucosal rubidium flux (z!,) (from 0.24 t 0.02 to 0.09 & 0.02, and 0.08 k 0.01 peg l h-l l cm-', respectively) without affecting Ji!+,. Dibutyryl cyclic adenosine monophosphate (dBcAMP, 0.5 mM serosal) specifically increased x!!& of controls (from 0.21 * 0.05 to 0.67 k 0.09 peq. h-l cm-*) through a barium-(4 mM, mucosal) sensitive pathway without affecting fl?&. Mucosal addition of 2 mM TCDC increased tissue conductance (CT), reduced short-circuit (I=) slightly, and reversed z; (from 0.13 t 0.05 to -0.29 2 0.08 peq. h-' . cm-*) principally by increasing Jr!,.
The TCDC-induced increases in &!A, were reduced by 0.1 mM serosal ouabain (from 0.53 & 0.03 to 0.11 t 0.02 peg l h-l cm-*) or 4 mM mucosal Ba*+ (from 0.76 * 0.07 to 0.32 t 0.04 peg. h-l . cm-'). Pretreatment with the putative calciumcalmodulin antagonist trifluoperazine blocked dBcAMPand TCDC-induced increases in fl!&, but did not prevent changes in Gr or I, produced by either secretagogue. It is concluded that TCDC stimulates Rb' or K' secretion by primarily increasing the efflux of these ions across Ba*+-sensitive K+ channels in the apical membrane and that this increase in permeability may be mediated intracellularly by the calcium-calmodulin complex.
taurochenodeoxycholate; absorption; potassium ion; K' channels; trifluoperazine; adenosine 3',5'-cyclic monophosphate; barium ion THE MAMMALIAN DISTALCOLON isthefinalpathwayfor the enteric conservation or elimination of water and electrolytes. It has been well established from in vivo perfusion studies that the transport characteristics of the large intestine are markedly altered if intraluminal concentrations of dihydroxy bile salts are increased either experimentally or secondary to ileal malabsorption syndromes (1) . A frequent finding in these studies is that dihydroxy bile salts enhance or stimulate net potassium secretion (2, 18, 25) . Although a number of in vitro studies have been made concerning the secretagogue effects of dihydroxy bile salts in the colon (4, 13, l4), none of these have experimentally considered the mechanism of enhanced potassium secretion observed in vivo. This is perhaps not too surprising, since until recently, potassium transport across the colon was considered to be a passive, paracellular phenomenon (16) , and bile salts markedly increase the permeability of epithelial membranes (2, 6, 14, 18, 27) .
More recent studies on isolated large intestinal epithelia have, however, clearly demonstrated net secretion or absorption of potassium ion in the absence of detectable transepithelial electrochemical gradients (10, 11, 20, 22, 23, 33) . In addition, both the magnitude and direction of net potassium transport across the colon appear to be controlled, at least in part, by cytosolic calcium activity and/or adenosine 3',5'-cyclic monophosphate (CAMP) (11, 12, 24, 28) .
Because both of these second messengers have been implicated as mediators of the secretory effects of dihydroxy bile salts in intestinal epithelia (1, 3, 7, 13, 21) , they may also be involved in bile salt-induced alterations of colonic potassium transport.
This report presents the results of studies on the effects of low, luminal concentrations of a dihydroxy bile salt, taurochenodeoxycholate, on 86Rb+ (as a K+ analogue) transport across the isolated, short-circuited distal colon of the rabbit. Rb ion is shown to be a suitable substitute for potassium ion, since %Rb+ fluxes are similar to simultaneously measured 42K+ fluxes across this tissue, and Rb+ fluxes can be altered by inhibitors (barium and ouabain) and secretagogues (dibutyryl cyclic adenosine monophosphate) that affect K+ transport (24, 26, 28, 33) in a quantitatively similar fashion. Mucosal bile salt stimulates net Rb+ secretion by increasing the serosal to mucosal Rb flux. The bile salt-induced secretion of Rb+ is shown to be sensitive to serosal ouabain, mucosal barium, and to pretreatment with the calciumcalmodulin antagonist trifluoperazine. These results clearly demonstrate that bile salt-induced Rb+ and K+ secretion occurs through specific transcellular pathways and is not a simple consequence of cell lysis or mucosal damage (1, 5, 6) .
MATERIALS AND METHODS
Segments of the distal colon were obtained from New Zealand White rabbits (2-3 kg) of either gender after intravenous pentobarbital anesthesia. A section (approximately 7-10 cm, originating at the base of the urinary bladder) of the descending colon was removed, opened along the mesenteric border, and rinsed with cold buffer
(see below). Sheets of colonic epithelia were separated from underlying serosal layers using the glass microscope slide technique (16). Portions of the isolated epithelium were then spread across a moistened supporting ring made from filter paper (Whatman no. 1). The support ring with attached epithelium was then positioned between the openings of a square parafilm leaflet (3 cm on each side), which had a very light film of high vacuum silicon lubricant on the internal faces. The opposing face of the parafilm leaflet was then folded over and pressed against the tissue forming a sealed gasket around both sides of the epithelium.
The tissue, sandwiched between the faces of the parafilm gasket, was then positioned over the opening of a conventional Ussing chamber (1.13 cm* exposed area). Because the internal diameter of the filter paper ring and parafilm gasket were successively larger than that of the Ussing chamber, when the tissue was compressed between the hemichambers, a uniform silicon seal was formed around the perimeter of the epithelium but well outside of the chamber opening. This mounting method facilitated handling and positioning of the epithelium, provided for more uniform stretching, and resulted in more consistent matching of tissue resistance between adjacent portions. Up to six adjacent segments were mounted in this fashion for each animal.
Tissues were bathed by 10 ml of buffered rubidium salines having the following composition (in mM): 139.4 Na', 5.4 Rb+, 1.2 Ca2', 1.2 Mg', 123.2 Cl-, 21.0 HCO;, 0.6 H2P04, 2.4 HP0,2-, and 10.0 glucose. Potassiumcontaining salines contained 5.4 mM K+, and in the K+-Rb+ salines, each ion was present at 2.7 mM. The buffered salines were contained in water-jacketed reservoirs (37°C) and were circulated by a gas lift system using a 95% 02-5% CO2 mixture. The pH of this buffered saline ranged from 7.3 to 7.4 when measured under experimental conditions. Transepithelial potentials (VT, mV) were measured using 4% agar-saline bridges positioned within 1 mm of each side of the tissue. These bridges were interfaced to an automatic voltage clamp (WP Instruments, DVC 1000 or DVC 100) via Hg-HgC12 half-cells in saturated KCl. Except for brief periods, during which the open-circuit potential was measured, the tissue was clamped to zero potential. Transepithelial clamping current was delivered by saline-agar bridges at the rear of each hemichamber, which were interfaced with the voltage clamp via Ag-AgCl electrodes in saline. Transepithelial conductance (CT, rnS* cmB2) was calculated from the short-circuit current (ZX, ~Acrn-~) and the open-circuit potential according to Ohm's Law.
Thirty minutes after mounting the tissue, the appropriate solution reservoirs were spiked with 20-30 &i of %RbCl or 42KC1. Except for the control series depicted in Fig. 2 , all flux and electrical measurements commenced 55 min after isotope addition and were repeated at 150min intervals. At each sampling interval Zsc and VT were recorded and 1.0 ml of the initially unlabeled buffer was withdrawn and replaced with fresh saline. Microliter aliquots of the labeled reservoirs were taken at the end of each treatment period to determine the specific activity of the hot side. The activity of =Rb+ in these samples was determined by gamma spectrometry (Beckman, model 5500), and the unidirectional Rb+ fluxes (peq. h-l. cmB2) were computed from the differences in activity between consecutive samples. Net fluxes were computed from the difference between the measured fluxes of adjacent segments having similar conductances (within 20%, but typically 10%). Electrical and flux properties are the average of three 15-min samples in each period (see Fig. 2 ).
Three treatment periods were employed to evaluate the effects of secretagogues and inhibitors on the electrical properties and Rb+ fluxes across the rabbit colon. The sample regime was based upon the series of control experiments depicted in Fig. 2 . Period Z was always used to establish control values. Taurochenodeoxycholate (TCDC) and dibutyryl adenosine 3' ,5' -cyclic monophosphate (dBcAMP) were added immediately after period I, and sampling for period ZZ commenced 15 min thereafter. Ouabain and barium were always added at the end of period ZZ, and sampling for period ZZZ began 15 min later. All additions were made by adding microliter volumes of freshly prepared stock solutions to the appropriate reservoir. Addition of barium stock solutions was made over a 5-min period in 1-mM increments. Although the salines did exhibit a very slight turbidity, changes in saline pH were small (-0.05 pH units) and transient (~4 min). Before addition of TCDC, the reservoir condensers were lightly sprayed with an antifoam emulsion to quench foaming ( 13).
Ouabain, sodium taurochenodeoxycholate, trifluoperazine, and dBcAMP were obtained from Sigma (St. Louis, MO). The chloride salt of &Rb was obtained from Amersham (Arlington Heights, IL), and the chloride salt of 42K was obtained from New England Nuclear (Boston, MA). All other chemicals were reagent grade and obtained from local sources.
All computations were performed on a microcomputer with software developed in this laboratory. Statistical analyses were performed with Statistical Analysis System routines on an IBM mainframe.
An analysis of variance was performed utilizing a completely randomized design with repeated measures. Comparisons of treatment means were made using the least significant difference (29). Unless indicated otherwise, differences between means are considered significant if P 5 0.01. Results are presented as the mean value t one SE for the number of tissue pairs. Except in the 42K+ experiments, tissues were obtained from at least four different animals.
RESULTS
The validity of =Rb+ as a tracer for K+ transport across the distal colon was evaluated in two ways. First, the unidirectional and net fluxes of 42K+ and %Rb+ were determined simultaneously in the absence and presence of secretagogues. In these experiments, the buffer contained equimolar (2.7 mM) K+ and Rb+. As shown in Fig. 1 , the unidirectional fluxes of %Rb+ and 42K+ were closely correlated both before and after secretagogue treatment. For all of serosal to mucosal pairs, the correlation coefficient was 0.96 and for all of the mucosal to J",; serosal pairs r = 0.76. In another series, 42K+ fluxes were determined at a specific activity similar to that used in the rubidium experiments that follow. In the absence of secretagogues, serosal to mucosal potassium flux (JF!,) = 0.29 t 0.05, Ji+, = 0.41 t 0.05, andJFe, = 0.12 t 0.03 peg-h-l. cm-* (n = 6 pairs from 3 animals). Addition of 2 mM TCDC to the mucosal solution promoted net K+ secretion by increasing Jr-m to 0.72 t 0.06 peg l h-' l cm-* without significantly affecting Ji-, (0.35 t 0.03 peg l h-' l cm-*). Both of these studies indicate that rubidium ion is a reliable tracer for K+ transport across the rabbit distal colon.
Three 45min sampling periods were used in the following studies so that secretagogues and inhibitors could be evaluated sequentially in the same tissue after an initial control period. Because the tissues were in the Ussing chamber for more than 4 h, a series of electrical and Rb+ flux measurements were made under control conditions for over 270 min (postisotope addition). The results of these studies are presented in Fig. 2 . With the exception of cZE!!+,, all parameters declined slightly throughout the experiment. The mean values t one SE are also presented in Fig. 1 for each of the three time periods. Comparison of the mean flux (including zz, not shown) and electrical characteristics indicates that there are no statistically significant (P < 0.01) differences between adjacent time (sampling) periods for any of the variates. Net Rb+ transport and $!?& in period ZZZ are significantly different than corresponding period I values at lower confidence levels (P 5 0.05). Thus the constancy of the transport characteristics permits the three-period regime used here.
The sensitivity of the unidirectional and net Rb+ fluxes to agents known to either enhance or inhibit K+ secretion across the rabbit colon (20, 24, 31, 33) were also evaluated in control tissues and are summarized in Table 1 . Serosal addition of ouabain (10e4 M) significantly reduced I, and Jr!!!& without significantly affecting JiLs or GT. The ouabain-induced fall in Jr!!, gave rise to an increase in JE; tpEq* cm'*mhr-'1 net rubidium absorption. In a second series, addition of barium (4 mM) to the mucosal saline significantly reduced $!!& without altering JE!+*, again resulting in an increase in net rubidium absorption. Short-circuit current and GT were unaffected by mucosal barium. A final series of experiments were performed to evaluate the potential for CAMP to stimulate Rb+ secretion across the rabbit distal colon. As shown in Table 1 , tissues treated serosally with 5 x 10m4 M dBcAMP exhibited significant increases in JF!!&, Zw, and GT compared with the control period. Net rubidium transport was reversed from 0.29 + 0.07 to -0.26 t 0.12 peq. h-' l cm-*. Subsequent addiion of barium (4 mM, mucosal) to these dBcAMPtreated tissues significantly reduced Jr!, without affecting 4f.+, and resulted in return of Jfi to the absorptive direction. The period ZZZ unidirectional and net fluxes after barium were not significantly different from the corresponding control values beriod I). Barium also produced a slight but significant reduction in Z=; however, this current was still significantly greater than that of the control period.
The effects of TCDC on Rb+ transport and the electrical characteristics of the rabbit distal colon are presented in Table 2 , together with the results of studies examining the effects of barium and ouabain on TCDCtreated tissues. In the first series, 2 mM TCDC was added to the mucosal reservoir at the end of period Z and its actions were monitored for the subsequent two periods. Bile salt produced immediate and significant changes in all variates, with the largest effects occurring in z!!, (a twofold increase), Jf: (a reversal from 0.13 t 0.05 to -0.29 t 0.08 peq*h-'cm-*), and GT (a 1.6-fold increase). Smaller decreases in JEb+* (82% of control) and Z= (65% of control) were detected between periods Z and ZZ. With the exception of Zw, these TCDC effects were sustained through period ZZZ (i.e., for more than 100 min).
The TCDC-induced alterations in Rb+ transport noted above were sensitive to serosal ouabain ( 10B4 M). As Values are means t SE for (n) tissue pairs. Values for Rb flux [serosal to mucosal (J!!!&), mucosal to serosal (Jk), and net (J$)] and shortcircuit current &) are given in peg* h-l cm-*. Ouabain (0.1 mM) and dibutyryl adenosine 3',5'-cyclic monophosphate (dBcAMP) (0.5 mM) were added serosally and barium (4 mM) was added to mucosal reservoir. Differences between means were considered significant if P 5 0.01. Gr, tissue conductance. * Significantly different from period I. 7 Significantly different from periai II. $ Significantly different from periods I and II.
shown in the second series of results presented in Table  2 , mucosal TCDC produced changes that were similar to those observed in the previous experiment, with the exception that ZX was not significantly altered. Ouabain (10e4 M, serosal) reversed TCDC-induced net Rb+ secretion to net absorption; the final JF: being significantly greater than that of period I. This reversal in Debt was the result of a large decrease in z'!!& (21% of period II value) and a small increase in JEb+, (123% of period II value), with the latter value not being significantly different from the control period. Ouabain also significantly decreased I,, in this series.
Bile salt-induced Rb+ secretion was also sensitive to mucosal barium (4 mM) as shown in the last series presented in Table 2 . The effects of TCDC were similar to the previous series presented in Table 2 . Addition of Ba2' (4 mM) to the mucosal reservoir of TCDC-treated tissues reversed J$ (from -0.42 t 0.09 to 0.09 t 0.06 peg l h-l l cmW2) by reducing Jr!m (40% of period ZZ value) without altering JE!+*. The Ba2+-induced reductions in ZW and Gr were not judged significant but would be at the P 5 0.05 level.
The phenothiazine calmodulin inhibitor trifluoperazine (TFP) has been recently shown to antagonize secretagogue-induced (CAMP or A23187) K+ secretion across the rabbit distal colon (28). The antisecretory potential of TFP was also evaluated in this study in controls and secretagogue-@CAMP and TCDC) treated tissues. The protocol in this series of experiments differed from the previous studies only in that the tissues were treated serosally with 10e4 M TFP 15 min after mounting.
As shown in Table 3 (JE,) , mucosal to serosal (Jk), and net (Jz)] and shortcircuit current (I,) are given in peq-h-' l cmm2. Bile salt [taurochenodeoxycholate (TCDC), 2 mm] and barium (4 mM) were added to mucosal side and ouabain (0.1 mM) was added to serosal compartment. Differences between means were considered significant if P 5 0.01. Gt, tissue conductance. * Significantly different from peroid I. 7 Significantly different from period II. $ Significantly different from periods I and II. Values are means k SE for (n) tissues. All tissues were pretreated serosally with 0.1 mM trifluoperazine (TFP). Dibutyryl adenosine 3',5'-cyclic monophosphate @CAMP) (0.5 mM) was added serosally and taurochenodeoxycholate (TCDC) (2 mM) was added to mucosal reservoir. Differences between means were considered significant if P s 0.01. * Significantly different from period I. t Significantly different from periods I and II. exhibited transepithelial rubidium fluxes and electrical properties that were, with the exception of GT in periods I and III, independent of sampling period. Consequently, the actions of secretagogues (or lack thereof) on TFPtreated tissues presented below cannot be generally attributed to TFP-induced time-dependent changes in the integrity of the tissue.
In the second series of results presented in Table 3 , addition of dBcAMP (0.5 mM, serosal) to TFP-treated tissues promoted significant increases in only I, and GT. There were small changes in Rb+ transport (J,"!?,, and J,Rebt) detected between periods Z and ZZZ that would be judged significant at a lower confidence level (P < 0.05); yet, in any event, TFP pretreatment clearly reduces the ability of dBcAMP to promote net Rb+ secretion by the colon.
As shown in the final series of experiments presented in Table 3, TFP pretreatment also affected bile saltinduced alterations in colonic Rb+ transport. Addition of TCDC increased GT significantly but had no effect on Zsc. Although TCDC significantly reduced Jrtt in TFPtreated tissues, it is notable that net secretion was never observed. This decrease in Jf,Jf,Jf,Jf,Jf,Jf,Jf,Jf,Jf,Jf,Jf,Jf,Jf,J was due to the small increase (47%) in cZ~!!&, which would be judged significant at a lower confidence level (P 5 0.03) .
Comparison of the effects of dBcAMP and TCDC in the absence (Tables 1 and 2 ) and presence (Table 3) of TFP more clearly indicates the antisecretory properties of this drug. In general, TFP inhibited net Rb+ secretion produced by these secretagogues by reducing their effects on J,R!,. Furthermore, TFP did not prevent dBcAMPinduced increases in GT or ZW, but changes in the latter were not as great as in the absence of TFP. Finally, TFP had no effect on TCDC-induced increases in tissue conductance.
DISCUSSION
The results of the present studies indicate that ssRb+ is a reliable substitute for 42K+ in the isolated distal colon of the rabbit. The unidirectional fluxes of =Rb+ measured here in control conditions are generally similar to 42K+ fluxes presented here and in other reports for this tissue (20, 22, 24, 28) . Simultaneous determination of the unidirectional fluxes of K+ and Rb+ demonstrated that they were highly correlated in control and secretagoguetreated tissues. In addition, both the basal and dBcAMP-G559 stimulated secretorv (s --+ m) flux of Rb+ were reduced by mucosal Ba*' and serosal ouabain-reduced fl!!&, in controls. In each case, the absorptive component (m + s) was unaffected by these blockers. These observations are consistent with previous studies of K+ transport across the rabbit colon (20, 24, 33) and further indicate that Rb+ movements are representative of the behavior -of K+ in this system.
A net absorption of Rb+ or K+ (0.1-0.5 peg. h-l. cm-*) was routinely-observed in this study, which contrasts with the average net K+ secretion frequently reported in other studies using similar techniques (20, (22) (23) (24) 28, 33) . The difference clearly lies in the magnitude of the secretory component: pm!+, was remarkably constant in the present experiments (compare period I values in Tables  1 and 2 ) and is quite similar to Jzd8 observed here and reported by most others (20, (22) (23) (24) 28) .
Such differences in net K+ transport most likely reflects differences in the physiological state of the rabbits. Indeed, the magnitude and direction of net K+ transport across the mammalian colon is quite variable and dependent upon the overall Na'-K' balance of the organism (4, 11, 20, 23, 30) . In rats (10, 11) and rabbits (30), potassium secretion across the distal colon is enhanced by maneuvers that increase plasma aldosterone levels. In both species, a low sodium diet promotes hyperaldosteronism, increases electrogenic sodium absorption and short-circuit current across the colon, while stimulating K+ secretion. These findings would suggest that the net Rb+ and K+ absorption observed in this study may result from low aldosterone titers in the rabbits used. If this were the case, then it might also be expected that the tissues used here would have exhibited lower ZX (and electrogenic sodium absorption) when compared with tissues exhibiting net K+ secretion. The fact that the Z= of control tissues used here (-1 peqeh-' cm-*) was substantially lower than that reported in other studies (-2-3 peq l h-l cm-*) would seem to support this hypothesis; however, no particular factor (maintenance, photoperiod, diet, etc.) can be implicated at this time.
Although there is ample evidence that supports the notion of both active absorption and active secretion of potassium in the mammalian colon, the mechanistic details and localization of these opposing transport systems have not been fully resolved. Because it has been demonstrated that paracellular K+ movements across rabbit colon are relatively small (20, 22, 23 ), it appears that transepithelial K+ movements are chiefly mediated by transmembrane pump-leak systems at both faces of the epithelium (20,23, $1) . The secretory flux of K+ is dependen t upon the activity of the basolateral Na'-K+ pump as evidenced by the effects of serosal ouabain observed here and elsewhere (22, 23, 33) . Potassium that is accumulated intracellularly by this pump system (31) can then flow down its electrochemical gradient through * barium-sensitive, conductive K+ channels (when present) in the apical membrane (20, 23, 31) .' With respect to active absorption, the apical entry step for K+ is less well understood. It appears that the apical uptake system is insensitive to mucosal ouabain and may be similar to the ATP-dependent K+-H+ pump characteristic of gastric mucosa (19, 20, 31, 33) . Intracellular potassium accumulated by this pump system can then flow out the basolateral membrane, which is predominantly K+ conductive (32). The localization of these opposing, transcellular absorptive and secretory pathways has not been resolved. Microelectrode studies of surface cells of rabbit distal colon indicate that both active K+ absorption and tetraethyl ammonium ion-inhibitable K+ conductance exist in the apical membranes of these cells (31) and that TCDC increases brush-border membrane K+ conductance as judged by an increase in the dependency of apical membrane potential on mucosal K+ (15) . On the other hand, studies with isolated crypts suggest a significant amount of electrogenic K+ secretion can be generated across these cells in the presence of epinephrine (17) .
In the present study, 2 mM mucosal TCDC promoted a marked reversal of net Rb+ transport from absorption to secretion, and in agreement with previous studies (9, 10, 13, 14) , this bile salt increased CT without substantially altering Z=. The bile salt-induced increase in conductance results primarily from a fall in the resistance of a paracellular pathway, presumably tight-junctional (14). Interpretation of the effects of TCDC (or lack thereof) on Z= in terms of the observed changes in net Rb+ transport are complicated by the fact that net sodium absorption is significantly reduced by 2 mM mucosal TCDC (13). In the absence of any macroscopic electrochemical gradients for net Rb+ movement, the contribution of paracellular Rb+ fluxes to TCDC-induced net secretion must be small and symmetrical.* Consequently, TCDC-induced Rb+ secretion must result from a change in the balance between the opposing transcellular pump-leak pathways noted above. Comparison of all of the unidirectional Rb+ fluxes before @eriod Z) and after (period ZZ) TCDC addition (Table 2) clearly demonstrates that the reversal in net Rb+ transport occurs primarily as a result of the rise in Jr!!& (250%) in conjunction with an insignificant decrease (-18%) in eL8. In the absence of any obvious effects of TCDC on the transcellular absorptive mechanism, specifically the proposed K+-H+ pump in the apical membrane (19, 31, 33) , the remainder of this discussion will be confined to the transcellular secretory pathwa x .3 Bile salt-induced increases in J8tm could conceivably 2 Passive electrical coupling can not account for Rb+ secretion observed in the present studies, since secretagogue-induced changes in transepithelial electrical properties (i.e., potential electrical driving forces for passive Rb+ movement) could be dissociated from net Rb+ transport. This is most clearly demonstrated by the results presented in Table 3 . In TFP-treated tissues, dBcAMP increased I, and & but did not promote net Rb+ secretion. Likewise, TCDC increased & of TFP-treated tissues but did not promote net secretion. In addition, barium reversed dBcAMP-induced Rb+ secretion to control levels (Table 1) although dBcAMP-induced increases in CT and I= were still apparent (about two times control values).
